Abstract The orbital evolution of the two meteorites Příbram and Neuschwanstein on almost identical orbits and also several thousand clones were studied in the framework of the N-body problem for 5000 years into the past. The meteorites moved on very similar orbits during the whole investigated interval. We have also searched for photographic meteors and asteroids moving on similar orbits. There were 5 meteors found in the IAU MDC database and 6 NEAs with currently similar orbits to Příbram and Neuschwanstein. However, only one meteor 161E1 and one asteroid 2002 QG46 had a similar orbital evolution over the last 2000 years.
.
Similarity of osculating orbits is not enough to prove any association among the orbits mentioned above. Therefore we have looked for similarity in orbital evolution over the past 5000 years. We have numerically integrated the motion of the Příbram and Neuschwanstein meteorites, the 5 meteoroids and 6 NEAs using the multi-step procedure of the Adams-Bashforth-Moulton 12th order method, with a variable step- length. The positions of the perturbing major planets were obtained from the JPL Ephemeris DE406.
Only the orbital evolution of the best associations are presented in Figure 1 . The D SH between Příbram and Neuschwanstein is within 0.07 and also the difference in the longitude of perihelion is very small (∆π ≤ 3
• ) during the integration time of 5000 years. This indicates a very close orbital evolution between the two meteorites. Only one meteoroid 161E1 and one asteroid 2002 QG46 were found with reasonably similar evolution to the meteorites in the last 2000 years or so. However, the orbital evolution of asteroid 2002 QG46 is not so close to Příbram. So we prefer only the meteoroid 161E1 as a possible association.
Clones of Příbram and Neuschwanstein
Pauls and Gladman (2005) integrated Příbram's orbit for several hundred thousand years and showed that the substantial decoherence of the modeled stream occurred in about 50 000 years. However, here we study the orbital evolution of clones covering the error intervals of Příbram's and Neuschwanstein's orbital elements in order to check the stability of their orbital regions.
We have distributed 5 values equidistantly within the error interval of each parameter (semimajor axis, eccentricity, inclination, argument of perihelion and mean anomaly). The sixth parameter, the longitude of node, remained fixed, being of two orders better precision. Using the combinations of 5 values in 5 orbital parameters, 3125 clones were obtained for each meteorite. We have numerically integrated the clones of Příbram and Neuschwanstein over the past 5000 years. The orbital evolution of all clones is more or less similar and stable. The clones of Příbram are less spread at the end of integration due to the smaller initial dispersion. The largest dissimilarity in the orbital evolution is caused by different initial semimajor axes of clones. A comparison of the orbital evolution of Neuschwanstein clones that have semimajor axes at the edges of the error interval (a = 2.38 AU and a = 2.42 AU) is presented in Figure 2 . As can be seen, the evolution of both sets of clones is very similar. Essentially the only difference is that the period of the variations in perihelion, eccentricity and inclination for the clones with a = 2.42 AU is shorter than for the clones with a = 2.38 AU. This is caused by the distance of the orbit from the orbit of Jupiter being smaller, as shown by Wu and Williams (1992) . The descending nodes of almost all clones are stable and close to the Earth's orbit during the last 3000 years. The longitude of the ascending node is dispersed by about 10
• after 5000 years of evolution. If we suppose that our clones represent a meteoroid stream, then it would have a similar dispersion of the orbital elements as that depicted in Figure 2 . The possible stream could be active for at least ±5 days around the date of the Příbram fall.
Analysis of the orbital evolution has shown that 75% of the clones of Příbram and 84% of Neuschwanstein experienced close encounters with the Earth within 0.028 AU in the last 5000 years. This distance is equivalent to a gravitational perturbation by Jupiter from a distance of 0.5 AU with respect to the perturbed body. Closer approaches caused a larger spread in the orbital elements at the end of the integration (Figure 2) . Some of the clones undergo more than one close approach to the Earth. Only a few clones encountered Mars also.
The results of the orbital integration of the clones of Příbram and Neuschwanstein show that the orbits are rather stable over several thousand years. A body with slightly different orbital elements from Příbram would then also have a similar evolution. Is it possible that Příbram and Neuschwanstein have such close orbits by chance?
We are interested in an occurrence of orbits of Příbram type in a 5 dimensional space of orbital elements. In our previous paper (Vereš et al., 2006), we generated and modeled 10 7 synthetic orbits of 10 m size bodies according to the NEA orbit distribution of Bottke et al. (2000) and population distribution of Stuart and Binzel (2004) . A probability was found for the occurrence of each orbital element (a, e, i, ω, Ω) within the error boundaries of Příbram and Neuschwanstein. Then the overall chance of this type of orbit occurring at random is the product of the probabilities in each element. The resultant probability is very small, only 2.75 × 10 −11 . When we extend this NEA synthetic population to smaller objects, of the initial radius of the Neuschwanstein meteoroid 0. 
Conclusions
If the real number of meteorite producing bodies of size ∼ 0.6 m in the NEA population is about 10 11 , we would expect at least one very close pair in the Příbram region. This is in good agreement with conclusions of Pauls and Gladman (2005) that the occurrence of such close orbits is by chance. On the other hand, considering a more conservative assessment of 10 9 bodies in the NEA population, the probability of the existence of the Příbram and Neuschwanstein pair is very low. Moreover, this probability seems to be even smaller when we take into account the fact that both bodies entered the Earth's atmosphere within a time interval of 43 years, as was mentioned by Spurný et al. (2003) .
Based on our dynamical investigation described above, we are in favour of the hypothesis of a common origin of the Příbram and Neuschwanstein meteorites from a heterogeneous parent asteroid. The close evolution of the two orbits over several thousand years is not a proof (e.g. Porubčan which can possess heterogeneous material gravitationally aggregated after collisions. In another paper (Vereš et al. 2007 ) it has been proposed that relatively recent release of meteoroids from a parent asteroid by the Earth's tidal force is possible at substantially larger distances than the Roche limit. At such distances the differential gravitational influence would be insufficient to disperse the orbits of released meteoroids from the parent body. That is why we expect similar orbits of the parent body and Příbram and Neuschwanstein. We suppose that the different cosmic-ray ages of the meteorites are affected by having different cosmic radiation exposure times during which they were exposed on the surface of the "parent" body.
